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THE INFLUENCE OF THE TYPE OF AUDIOGRAM UPON THE CHILD'S 
ABILITY TO INTERPRET SPEECH SOUNDS 
INTRODUCTION 
As the result of a comprehensive investigation of hearing 
acuity with the amplified 2-A Audiometer in a group of one 
hundred unselected pupils at the Clarke School for the Deaf, 
it has been found that such a group in a school for the deaf 
is far from homogeneous from the standpoint of amount and char¬ 
acter ox hearing loss. The group was composed of (a) hard of 
nearing pupils, that is, pupils who can hear some speech sounds 
and acquire speech by imitation; (b) partially deaf pupils, 
that is, pupils who with suitable amplification can be tau^it 
to listen to speech and to understand some speech sounds and 
(c) profoundly deaf pupils, that is, pupils who have little or 
no residual hearing over the speech sound range and who even 
with amplification cannot be taugit to Interpret speech sounds. 
Ahis is a heterogeneous group from the standpoint of teaching 
through hearing. When the audiograms of the children in these 
three groups were classified according to the type or general 
shape of the graph, It was found that they fell into four main 
divisions or classes which may be designated by the Roman Nu¬ 
merals I, II, III and IV. The chief characteristics of these 
classes as shown in Chart I may be described as follows: 
CLASS I is characterized by an approximately horizontal 
graph, that is, about the same amount of loss for 
all frequencies* 
Chart I. Audiograms characteristic of'the Pour Classes and the 
A# B and C Subdivisions• 
CLASS XI is characterized by a descending graph through 1000 
d.v. with a horizontal segment throu^i the higher 
frequencies. This means that there is a great deal 
more hearing for low tones than for higi tones. The 
horizontal end will not vary more than ten decibels 
for the three highest octaves heard* 
CLASS III is characterized by a descending graph through 2000 
to 4000 d.v. with a sligit rise at the highest or 
two hipest octaves heard. This means that there is 
a great deal more hearing for low tones than for 
- 3 - 
high tones, with possibly a slight gain over the low¬ 
est point in the graph in the two hi^aest octaves# 
CLASS IV is characterized by a descending graph through 1000 
to 2000 d#v# This means that there is much more 
hearing for low tones than for middle tones and that 
there is often no residual hearing for hi$i tones. 
The graph descends rapidly, often beginning at a 
rather low level and terminating at 2000 d#v. 
In each of these four classes, we have three subdivisions 
according to level of graph or amount of residual hearing# In 
other words, we have some hard of hearing pupils, some partial¬ 
ly deaf pupils and some profoundly deaf pupils# The character 
of hearing loss, or type of audiogram, and the level of the 
graph, or amount of hearing, are of equal importance# Both vi¬ 
tally affect the usefulness of the residual hearing or the 
child*s ability to Interpret speech sounds. 
This classification has been confirmed recently by a second 
study of one hundred and fifty pupils at another school for the 
deaf# 
t 
During the past six years, many public school children have 
been brought to Clarke School for hearing tests# Among these 
have been groups brought from Hampshire and Franklin Counties 
under the auspices of the American Red Cross. These children 
had previously been tested on the 4-A or Phonograph Audiometer 
by the school nurses. This audiometer tests the child’s ability 
to hear called numbers. All who fell below normal on the first 
test were given a second test on the 4-A Audiometer# Those who 
- 4 - 
still fell below normal were brou^it to Clarke School for an 
individual test on the 2~A Audiometer* This audiometer tests 
the child1s ability to hear eight pure tones an octave apart 
in the speech range* Each year it has been found that about 
75$ of the group also fell below normal on the 2-A Audiometer 
test* Ihe approximately 25$ who were found to test normally 
on the 2-A Audiometer test can be explained in various ways; 
noise in the room in which the 4<-A Audiometer test was given; 
inattention; head colds at the time the test was given etc* 
etc* The mean hearing curve for the poorer ears of one of 
these groups and the frequency distribution at each pitch may 
be seen in Chart II* 
Chart II* Mean hearing curve for poorer ear, with frequency 
distribution at each pitch, for a group of Hampshire 
County pupils who fell below normal in the 4-A 
Audiometer test* 
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PROBLEM STATED 
The teats for pure tones show that there la no absolute 
dividing line between the child already in a school for the 
deaf and the child In public school who has a hearing defect. 
Just how much a child with a certain type and degree of hear¬ 
ing loss is actually handicapped is still very much a matter 
of conjecture. It would greatly facilitate teaching if It 
were possible to predict from a child* s audiogram just what he 
should be able to hear. Can we expect him to hear both vowels 
and consonants well enough to understand speech? Will he hear* 
the vowels and some of the consonants so that he can build tip 
a set of word images of his own? Does he miss all speech 
sounds? We want to know what effect the shape and level of a 
child*s audiogram has on his hearing for speech sounds. We 
want to know whether or not a child with a horizontal curve, 
a more or less even loss for all frequencies, is better able 
to hear speech sounds than one whose loss for high tones Is 
much greater than his loss for low tones. The present study 
was undertaken to discover the relationship between the type 
and level of a child’s audiogram and his ability to Interpret 
speech sounds. A practical approach to this problem can be 
made In a study of children whose hearing loss Is not so great 
in degree as that of a large majority of children In a school 
for the deaf. 
6 
PHYSICAL NATURE OP SPEECH SOUNDS 
By meana of the summary of the data obtained by the princi¬ 
pal modern workers, it has been shown that frequency differences 
are the essential characteristic of the physical nature of speech 
f 
sounds• 
From the work done by the Bell Telephone Laboratories by 
Fletcher and others on general characteristics of speech, we 
learn that Mthe pitch of the voice when speaking the vowels va¬ 
ries with different individuals, corresponding to about 90 cy¬ 
cles per second for a very deep-voiced man to about 300 cycles 
per second for a high shrill-voiced woman*”-* During the utter¬ 
ance of vowels, there are produced vibrations of hi^ier frequen¬ 
cy as well as the fundamental voice tones* These hl^ier fre- 
s t . * ( - • . i 
quencies may be described as harmonics or partials and are what 
i * , . -* ; > • ' ' ‘ * " 4 V 
give the characteristic quality to each vowel* The acoustic 
* * 1 . ' i t - 
spectra of the most important vowel sounds were obtained from 
typical wave pictures taken with a high quality oscillograph. 
When the records of different speakers were analyzed, quite 
different acoustic spectra were obtained, but in general the 
regions of maximum amplitude were approximately the same* It 
was found that there are two groups of vowels* In the first 
group there is a strong lower frequency characteristic, but 
there is also a higher frequency characteristic which is small 
in amplitude* In the second group both high and low frequency 
characteristics are important* Fletcher gives the following 
* Fletcher Speech and Hearing p* 53 
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table baaed on the combined results of the various workers 
The vowel frequencies are approximately 400-2400 d*v. per sec¬ 
ond* 
Speech Sound 
u (pool) 
u (put) 
o (tone) 
a (talk) 
o (ton) 
a (father) 
a (tap) 
© (ten) 
er (pert) 
a (tape) 
1 (tip) 
e (team) 
Low Frequency 
400 
475 
500 
600 
700 
S25 
750 
550 
500 
550 
450 
375 
Hlgi Frequency 
800 
1000 
850 
950 
1150 
1200 
1800 
1900 
1500 
2100 
2200 
2400 
Table !• Characteristic Frequency of the Vowel Sounds 
The essential characteristics of the consonants have also 
been found by these same workers to be vibrations in particu¬ 
lar regions of frequencies from 1000-8000 d*v# per second. The 
highest frequency in any consonant is 8000 d.v* per second in 
S. 
Fletcher Speech and Hearing p. 58 
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PROCEDURE 
SELECTION AND DESCRIPTION OP CHILDREN USED IN STUDY 
In the present study a group of children with normal hear¬ 
ing and a group of children with subnormal hearing were used as 
subjects* As a basis of selection only children with normal In¬ 
telligence were used* Whether or not a child had normal intel¬ 
ligence was decided by his classroom teacher, who because of her 
long time daily association with him, knew the child. This was 
to be a test of hearing alone, so children who were poor spell¬ 
ers and children itfiose writing was illegible were eliminated in 
order that these two factors would not bring doubt into the in¬ 
terpretation of the written results* Each child was given a 
hearing test on the amplified 2-A Audiometer in a sound-proofed 
, * f « ' . v » • 
room and a speech test In a very quiet room* The resulting 
audiograms and records were then studied in detail and compari¬ 
sons were made* 
Ilie ages of the children used in the study ranged from 
ei^rit to nineteen years, 
age groups* 
ACE 
8 
9 
10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
Total 
Table 2 shows their distribution In 
i 
NORMAL 
2 
5 
5 
10 
16 
6 
40 
SUBNORMAL 
5 
4 
7 
7 
5 
5 
10 
5 
8 
6 
1 
1 
60 
Table 2* Age distribution of children used In study 
There were twenty-six girls and fourteen boys in the nor¬ 
mal group and thirty-three girls and twenty-seven boy3 in the 
subnormal group. Table 3 shows their school distribution# 
Table 4 shows their distribution in school grades# 
NORMAL 
Smith College Day School 13 
Hawley Grammar School 
Vernon Street School 14 
Bridge Street School 
South Street School 1 
Williams Street School 1 
Prospect Street School 
Northampton High School 
Smiths School 
Bay State School 1 
Florence School 8 
Leeds School 1 
Williamsburg Schools 
Amherst Schools 
Southampton School 
Granby School 1 
Brving School 
Farley School 
North Leverett School 
Orange School 
Warwick School 
New Salem Academy 
Total 40 
SUBNORMAL 
7 
8 
3 
1 
1 
3 
3 
3 
5 
11 
1 
4 
5 
1 
1 
1 
1 
1 
60 
Table 3# School distribution of children used in study 
GRADE 
3 
4 
5 
s 6 
7 
8 
9 
10 
11 
12 
Total 
NORMAL 
4 
6 
29 
1 
40 
SUBNORMAL 
3 
7 
8 
3 
11 
8 
6 
5 
6 
3 
60 
Table 4# Grade distribution of children used in study 
10 
APPARATUS USED IN TESTING AND METHOD OP TESTING 
Each child was given an individual hearing test on the 2—A 
Western Electric Audiometer in a sound-proofed room. Ohe 2-A 
Audiometer was designed by the Bell Telephone Laboratories rtfor 
general practice, and for tills reason great stress was placed 
on the convenience and simplicity of Its operation. Ei$it tones 
spaced an octave apart in tie frequency range from 64 to 8192 
cycles per second, can be produced by throwing the appropriate 
keys on the top of the audiometer. The attenuator scale is cali¬ 
brated so that the hearing loss in sensation units or decibels 
is read directly from tie scale when the dial Is turned to the 
position corresponding to the threshold for tie patient being 
tested. Audiogram blanks are furnished with the instrument 
i&ilch makes it possible to show graphically the hearing loss at 
each frequency•"-* 
Practically the entire group of children had had audiometer 
tests before, so It was not a new experience. In the few in¬ 
stances where the child had not had a former test, he wa3 re¬ 
tested on the same day. If there was any doubt as to the reli¬ 
ability of the results, the child was not used as a subject. 
Next each child was given a speech test In a quiet room to 
determine what he actually heard in terms of vowel3 and conso¬ 
nants. A certain amount of preliminary practice was given so 
that each child would be familiar with the teacher^ voice and 
the type of test that was to be given. 
* Fletcher Speech and Hearing, page 216 
11 
The speech test consisted of lists of very simple words, 
thirty word3 for vowel sounds and seventy words for consonant 
sounds* The words used in the lists were chosen so that the 
memory effect was reduced to a minimum* In the vowel list, 
* 
the vowel wa3 placed either between the two consonants b and t, 
or between b and k* With such a list, the vowel must be inter¬ 
preted correctly before the word can be indent if ied* In the 
consonant list the sounds occurred approximately the same num¬ 
ber of times and the number of initial consonants was approxi¬ 
mately the same as the number of final consonants* 
The speech test was given in a quiet room by a teacher 
trained to speak in a uniform manner* Six children were tested 
at one.time seated in front of the teacher in a semicircle. 
The teacher pronounced the words one at a time, in a moderate 
tone of voice and the children wrote the words as they heard 
them on sheets of paper i^iich had been prepared beforehand* 
The test was first given with the teacher seated eight feet 
from the children to approximate the distance from the teacher 
to a pupil in a front seat in an ordinary schoolroom* Then the 
te3t was given with the teacher seated twenty-four feet from 
the children* The test list was reversed the second time, 
thou{^i the same words were used in the second test* Since the 
first test was not corrected until after the second test was 
given, the children had no idea whether the words had been 
written correctly or not the first time* Since it was a test 
of hearing and we wished to eliminate any chance of lip-reading, 
the children wore asked in each instance not to look at the 
teacher when the words were pronounced* 
- 12 - 
WORD LISTS BASIS OF STUDY 
1. bark 26. beck 51. yes 76. with 
2. bite 27. boat 52. farm 77. dog 
3# book 28. bert 53. hash 78. this 
4* bet 29. bike 54. Bob 79. good 
5* back 30. bark 55. choose 80. girl 
6* bout 31. come 56. rug 81. long 
7* bert 32. man • 57. Oeorge 82. pipe 
8* buck 33. knife 58. yard 83. sing 
9* boat 34. love 59. zoo 84. mouth 
10# beet 35. jump 60. them 85. church 
11. boot 36. ten 61. was 86. dish 
12. bake 37. nut 62. cap 87. sick 
13. bit 38. shall 63. Jack 88. fudge 
14* balk 39. page 64. bib 89. you 
15. bout 40. voice 65. lead 90. show 
16. bat 41. pen 66. which 91. knock 
17. bark 42. vase 67. doll 92. tooth 
18. but 43. give 68. hop 93. thin 
19. book 44. roll 69. cheese 94. zip 
20. bit 45. five 70. muff 95. sail 
21. bought 46. cough 71. hatch 96. thumb 
22. beak 47. what 72. tub 97• smooth 
23. bait 48. short 73. zone 98. that 
24. boot 49. with 74. wash 99. vine 
25. buck 50. ring 75. bag 100• thank 
"able 5. Word lists as used in study 
CLASSIFICATION OP WORD LISTS : FOR V0?/ELS AND CONSONANTS 
Vowel Sound Words Used Number 
u boot boot 2 
u book book 2 
o boat boat 2 
a bought balk 2 
o buck but buck 3 
a bark bark bark 3 
a back bat 2 
e beck bet 2 
er bert bert 2 
a bake bait 2 
i bit bit 2 
e beet beak 2 
I bit© bike 2 
ou bout bout 2 
Total Number 30 
Table 6* Distribution of Vowel Sounds 
13 - 
Consonant 
Sound Initial 
b bag bib Bob 
ch cheese choose church 
d dog doll dish 
f farm five fudge 
g girl give good 
h bash hatch hop 
3 Jack George Jump 
k cap come cough 
1 lead long love 
m man mouth muff 
n knife knock nut 
ng 
P page pen pipe 
r ring roll rug 
3 sail sick sing smooth 
sh shall show short 
th that them this 
w thank thin thumb 
t ten tooth tub 
V vase vine voice 
wh what which 
w was wash with with 
7 yard yes you 
z zip zone zoo 
Pinal 
b bib Bob tub 
eh church hatch which 
d good lead yard 
f cough muff knife 
g 
h 
bag dog rug 
«<• 
3 fudge George page 
k Jack knock sick thank 
1 doll girl roll sail shall 
m come farm them thumb 
n man pen ten thin vine 
ng long ring sing 
P 
r 
cap hop jump pipe zip 
s this voice yes 
sb dish hash wash 
th smooth with with 
w mouth tooth 
t nut short that what 
V five give love 
wb 
w 
y 
z cheese choose vase was 
Total number of words in list 
Number of Initial Consonants 
Number of Pinal Consonants 
Table 7* Distribution of Consonant Sounds 
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CLASSIFICATION OF AUDIOGRAMS 
A* ACCORDING TO TYPE OF GRAPH OR CHARACTER OF HEARING LOSS. 
In classifying the audiograms of the children used in this 
study, it was found that they fell Into four groups: 
Group I* Those children with normal hearing In both ears* 
Group II* Those children with normal hearing in one ear 
and subnormal hearing for both low and hi$i 
frequencies in one ear* 
Group III* Those children with subnormal hearing for both 
low and high frequencies in both ears* 
Group IV* Those children with normal or approximately 
normal hearing for low frequencies in both 
ears and subnormal hearing for high frequen¬ 
cies In both ears* 
B* AN INDIVIDUAL AUDIOGRAM FROM EACH GROUP CHARTED AND DESCRIBED 
AS TO TYPE OF GRAPH 
In Chart III we see actual audiograms of a typical child in 
each of the four groups used In the study* 
The graphs for the ri^it and left ears of the child In 
Group I are similar , approximately horizontal in shape and very 
near the zero line at all frequencies* 
She graphs for the rigat and left ears of the child in 
Group II are similar in shape but very dissimilar as to level* 
The left ear is quite normal but there Is a large amount of 
loss for both low and high frequencies in the ri$it ear. 
The graphs for the right and left ears of the child in 
Group III show considerable loss for low and hi$i frequencies 
In both ears* 
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The graphs for the rl^at and left ears of the child in 
Group IV are both approximately horizontal throu^i 2000 d#v# 
when they descend abruptly. There Is approximately normal 
hearing for the frequencies throu^i 2000 d#v# but there is a 
large amount of loss for the two highest frequencies* 
There is very little variation In the shape of the graphs 
of the children making up Group I. Some are sligjitly above 
normal and others slightly lower but all fall within the nor¬ 
mal range# 
In Group II, there is very little variation in the graphs 
of the better ears but there Is a great deal of variation in 
the graphs of the poorer ears# Some are only slightly defec¬ 
tive ihlle some have large amounts of hearing loss# 
In Group III, we find the most variation for we have 
children with all degrees of hearing loss from sli^at defects 
/ 
to gross defects# There Is also more variation in the shape 
of the graphs# We find some that are horizontal, some that 
descend from left to right and a few that ascend from left to 
right. In all of them we find loss In both ears but not al¬ 
ways the same amount of loss in both ears# 
In Group IV, we again find little variation in the shape 
of the graphs though some descend more abruptly than others • 
All of these children hear low frequencies normally or nearly 
normally and all of them have a sharp drop for the hl$i fre¬ 
quencies # 
C# AUDIOGRAMS SCORED TO SHOW AMOUNT OP HEARING OR LEVEL OP GRAPH 
The audiograms of all the children were scored on a 
17 
definite mathematical basis* A score of 800, 100 for each, of 
the eight pitches included in the test, was considered perfect 
hearing* The child1 s score was based on the sum of the per¬ 
centage of hearing at each of the el$it pitches. This percent¬ 
age of hearing at each pitch was obtained by dividing the hear¬ 
ing loss in decibels by the figure denoting total loss at each 
pitch, multiplying by 100, and subtracting the restating number 
from 100* It has been found after carefully correlating scores 
for a group of pupils in a school for the deaf with class work 
throu^i hearing, that the following limits may be established: 
Score for Normal Hearing 800 - 701 
Score for Hard of Hearing 700 - 426 
Score for Partially Deaf 425 - 226 
Score for Profoundly Deaf 225 - 0 
These same limits seem to apply to the group used in this 
study. The individual children are listed below with each one’s 
score for his better and his poorer ear* 
As we examine the scores in each of the groups with sub¬ 
normal hearing, we find some children 'who are hard of hearing, 
some children who are partially deaf and a few who are pro¬ 
foundly deaf* Obese classifications are similar to those found 
In a school for the deaf* 
For example No* 1*, J. P*, illustrates a child with normal 
hearing* The score for his better ear Is 779 and for his poor¬ 
er ear la 756* Both these scores come within the range 800-701 
which are the limits established for Normal Hearing* In the 
speech tests, this child heard 100$ of the vowels and 99$ of 
the consonants correctly* 
18 
Child No. 43.9 A.B.f has a score of 755 for his better ear 
and 396 for his poorer ear. These scores place him in the group 
with one normal ear and one subnormal ear. The score of 396 for 
his poorer ear places him in the partially deaf subdivision. In 
the first speech test this child heard 100$ of the vowels and 
94$ of the consonants correctly. 
Child No. 67., N.G.9 has a score of 651 for his better ear 
and 514 for his poorer ear. Ihese scores place him in the sub¬ 
normal group and in the hard of hearing subdivision. In the 
first speech test this child heard 90$ of the vowels and 91$ of 
the consonants correctly. 
TABULATION OF HEARING SCORES FOR EACH CHILD AND PERCENTAGE OF 
VOWELS AND CONSONANTS HEARD CORRECTLY BY EACH CHILD 
NORMAL GROUP HEARING SCORE VOWELS CONSONANTS 
Better 
Ear 
Poorer 
Ear 
Percent 
Test 1 
Correct 
Test 2 
Percent 
Test 1 
Correct 
Test 2 
1. J. P. 779 757 100 100 
* 
99 99 
2. D. Q. 800 762 97 93 96 98 
3. M. M. 778 756 100 100 99 99 
4. E. K. 808 783 100 100 96 99 ' 
5. C. B. 770 762 90 100 95 97 
6. M. P. 752 748 90 97 99 99 
7. M. B. 778 747 97 100 98 98 
a. P. W. 763 ' 758 100 100 98 99 
9. C. V. 779 753 93 87 96 98 
10. P. T. 779 766 100 100 100 99 
- 19 - 
NORHAL GROUP HEARING SCORE 
Better Poorer 
Ear Ear 
VOWELS 
Percent Correct 
Test 1 Test 2 
CONSONANTS 
Percent Correct 
Test 1 Te3t 2 
11 • J. 14. 769 762 100 100 100 99 
4f 
12* N. S. 801 791 100 100 99 100 
15. P . P . 800 778 100 100 99 98 
14. F. P. 790 778 93 100 
A 
96 99 
15. B. T. 800 786 93 97 97 98 
•t 
16. R. P. 740 729 93 100 96 96 
A 
17. S. A. 805 781 97 97 99 97 
18. J. P. 799 755 100 100 96 95 
19. B. P. 791 774 100 100 96 96 
20. P. T. 791 778 100 100 95 96 
^ * * 
21. J. M. 783 782 100 100 96 98 
22. M. K. 809 786 100 100 99 96 
23. M. B. 782 746 100 100 97 99 
24. J. A. 766 749 93 93 97 96 
25. M. B. 792 778 100 100 95 96 
26. M. S. 787 757 93 97 97 96 
27. B. C. 763 754 93 97 98 99 
28. M. H. 757 755 100 100 98 95 
29. Dm S. 754 765 100 100 99 99 
SO. R. B. 822 787 100 100 98 96 
31. I. G. 766 761 100 100 98 98 
32. J. W. 785 741 100 100 99 99 
33. R. B. 801 784 100 100 100 99 
- 20 - 
NORMAL GROUP HEARING SCORE VOWELS CONSONANTS 
Bettor 
Ear 
Poorer 
Ear 
Percent 
Test 1 
Correct 
Test 2 
Percent 
Test 1 
Correct 
Test 2 
34. K. P. 781 740 100 100 98 99 
35. «r. 0. 737 706 97 100 96 96 
36. G. D. 749 739 93 100 99 97 
37. R. P. 775 718 100 97 91 92 
38. R. V. 733 732 97 97 96 98 
39. E. L. 754 721 100 100 97 96 
40. J. L. 758 738 100 100 99 97 
one 
ONE 
NORMAL EAR 
SUBNORMAL EAR » 
41. U. B. 742 424 83 90 88 . 90 
42. L. A. 742 562 100 100 
—* * » 
91 . 95 
.
 
to
 
A. B. 755 396 100 100 94 * 96 
44 . A. G. 707 555 83 93 96 93 
45. E. W. 735 509 97 93 96 98 
46. R. L. 726 594 100 100 90 88 
47. J. N. 740 612 97 77 90 90 
48. , E. M. 712 582 97 100 98 95 
49. L. E. 739 461 90 93 93 94 
50. J. L. 762 278 93 97 94 97 
51. A. W. 709 568 90 93 97 * 98 
52. S. K. 762 583 83 77 88 91 
53. R. P. 715 525 87 87 91 87 
54. D. S. 726 
i. 
540 93 83 92 95 
55. P. B. 
K> 
705 694 97 100 96 . 92 
56. R. W. 706 296 47 63 85 81 
57. D. P. 740 451 70 73 80 85 
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ONE NORMAL EAR 
ONE SUBNORMAL 
EAR 
HEARING 
Better 
Ear 
SCORE 
Poorer 
Ear 
VOWELS 
Percent Correct 
Teat 1 Teat 2 
CONSONANTS 
Percent Correct 
Test 1 Test 2 
58. M. H. 725 656 93 100 91 93 
59. E. 3* 784 289 100 100 96 97 
60* K. K. 731 507 97 100 95 91 
TWO SUBNORMAL EARS 
‘ » 
• 
61. M. M. 684 682 97 97 92 92 
62. J. A. 666 606 77 87 «* • * 76 74 
65. R. W. 697 657 100 97 95 95 
64. V. 0. 680 617 90 97 86 82 
65. B. S. 433 410 83 63 83 85 % i 
66. K. R. 529 523 93 97 88 85 
67. n. a. 651 514 90 90 91 91 
68. A. J. 645 592 93 90 93 91 
69. E. K. 496 461 37 63 30 57 
70. W. S. 555 541 83 83 92 92 
71. R. F. 593 582 90 87 93 90 
72. N. T. 458 421 87 67 55 44 
73. R. T. 692 652 97 87 96 91 
74. M. J. 663 553 83 93 89 79 
75. N. T. 495 450 60 27 52 33 
76. W. H. 692 681' &3 77 96 94 
77. M. H. 666 63S 93 83 99 90 
.
 
CD
 
1>
 B. C. 656 591 83 93 96 96 
79. A. S. 279 263 97 83 87 80 
80. I. L. 634 466 87 90 91 91 
22 
TWO SUBNORMAL HEARING SCORE VOWELS CONSONANTS 
EARS Bettor 
Ear 
Poorer 
Ear 
Percent 
Test 1 
Correct 
Test 2 
Percent 
Test 1 
Correct 
Test 2 
81. P. s. 623 583 50 67 48 35 
82. L. E. 539 505 100 100 86 86 
83. P. G. 665 528 93 100 94 93 
84. W. P. 592 531 87 90 94 93 
85. R. G. 372 370 30 0 3 0 
86. D. L. 506 343 93 87 81 74 
.
 
t*
 
CO
 
A. P. 658 639 97 97 93 95 
88. N. G. 611 561 90 73 73 68 
.
 
&
 
CO
 
R. S. 669 478 93 87 79 82 
90. I. S. 681 481 93 100 93 95 
TOO 
HIGH 
SUBNORMAL EARS 
NOTE LOSS 
91* H. A. 611 575 100 97 86 84 
92. ?/. R. 617 596 97 93 78 82 
93. P. D. 666 619 97 97 95 91 
94. A. R. 664 653 93 97 93 96 
95. C, H. 620 541 97 93 84 85 
96. H. W. 534 483 93 93 58 61 
97. P. K. 687 646 100 93 92 90 
98. H. J. 627 606 90 93 97 93 
99. A * 8. 600 587 100 100 85 74 
100. G. W. 455 434 90 97 77 67 
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D. MEAN HEARING CURVE AND FREQUENCY DISTRIBUTION FOR AUDIOGRAMS 
IN EACH GROUP 
In Chart IV, the mean hearing curve for both ears of the 
40 children In Group I Is shown* It Is approximately horizon¬ 
tal through all the frequencies and very close to the level of 
perfect hearing* A few individuals in this group hear better 
than normal at several frequencies* 
In Chart V, the mean hearing curves for the two ears of 
the 20 children in Group II are shown* The mean curve for the 
better ear is horizontal through all the frequencies* It la 
at a slightly lower level than that of the normal group* Still 
It Is within the normal range* The mean curve for the poorer 
ears is also horizontal but It is at a much lower level than 
that of the better ear* There Is about the same amount of loss 
for low frequencies as for hi^h frequencies* 
In Chart VI, the mean hearing curve for both ears of the 
30 children in Group III is shown* Thougji the mean curve is 
approximately horizontal, many of the Individual audiograms 
within the group show more loss for hi$i frequencies than for 
low frequencies* All however, show loss for low frequencies 
and for high frequencies* 
In Chart VII, the mean hearing curve for both ears of the 
10 children In Group IV is shown* This curve is horizontal at 
a fairly high level through 1024 d*v. and then descends abrupt¬ 
ly through 2048 and 4096 with a slight gain at 8192* The child¬ 
ren hear low frequencies much better than they hear hi$i fre¬ 
quencies* Many Individuals in this group hear normally through 
24- 

Ch 
256
 
512
 
1024
 
2048
 
4096
 
8192
 
128
 
256
 
512
 
1024
 
2048
 
4096
 
8192
 
2048 d.v. and then there is an abrupt loss for higji frequencies 
Others have some loss for low frequencies but very much more 
loss for higja frequencies • 
PITCH GROUP I GROUP II GROUP III GROUP IV 
Normal Subnormal 
Ear Ear 
64 Minimum -5 0 5 5 0 
Maximum 10 10 55 50 25 
Mean 1*3 6,2 
•. a * 
25 23 9 
128 Minimum -5 0 5 10 0 
Maximum 15 10 65 55 35 
Mean 3*2 7.2 33 25 12 
256 Minimum 0 0 10 10 5 • . j_ : 
Maximum 15 15 70 65 35 
Mean 5.5 8.2 38 29 15 
512 Minimum 0 5 15 10 10 
Maximum 15 20 75 70 45 
Mean 7.3 12 43 34.5 20 
1024 Minimum -5 5 25 10 0 
Maximum 15 15 80 80 40 
Mean 4.3 10 45 36 18 
2048 Minimum -5 0 20 10 5 
Maximum 15 15 80 80 60 
Mean 3.5 7.2 
* 
40 32 30 
4096 Minimum -5 0 20 10 30 
Maximum 15 25 75 85 85 
Mean 4.5 10.2 42 33 60 
8192 Minimum -5 0 . 15 10 20 
Maximum 15 25 60 85 85 
Mean 3.6 7.7 
4 
37. 7 34 52 
Table 8* The minimum. maximum and mean readings in decibels 
. of loss at each pitch for Groups I, II, III and IV 
Table 8 shows the minimum, maximum and mean readings in 
groups used in the decibels of loss at each pitch for the four 
study* 
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For example, at Pitch 8192, the minimum reading in Group I 
was -5 or 5 decibels above normal. The maximum roading was 15 
or 15 decibels below normal but the mean reading for the 40 
children making up the group was 3.6 decibels below normal. 
In Group II, at this same pitch, the minimum reading for 
the better ear was at 0, the maximum reading was at 25 and the 
mean reading for the 20 children making up the group was at 
7.7. For the poorer ear the minimum reading was at 15, the 
maximum reading was at 60 and the mean reading was at 37.7. 
In Group III, at this same pitch, the minimum reading was 
at 10, the maximum reading was at 85 and the mean reading for 
the 30 children making up the group was at 34. 
- grl * *■ ' ’ ", t , • t. ( ■ 
In Group IV, at this same pitch, the minimum reading was 
at 20, the maximum reading was at 85 and the mean reading for 
the 10 children making up the group was at 52. 
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TABULATION OP ERRORS 
The records Tor each Individual’s speech tests were ana¬ 
lyzed and vowel and consonant errors were tabulated* All ra¬ 
tional mistakes were listed word by word for each group of 
children and at the end of each list was given the total number 
of Irrational errors and the total number of omissions made on 
that word. These lists are given in the following pages. For 
example, the first word called was BARK. Two children In Group 
I heard this as BOG, five children in Group III and three child¬ 
ren in Group IV heard this as BOUGHT, three children in Group 
III heard it as BACK, one child in Group II heard it as BOUT 
and on© child In Group III heard it as BITE. One child In Group 
III heard it as something very different and this error was 
■4 " * . - > *. I 
listed as irrational. One child in Group II and nine children 
V t , v 
in Group III wrote nothing so these were listed as omissions. 
Each word was analyzed In the same way. In marking the 
vowel list, only vowel errors were counted as errors. In 
marking the consonant list only consonant errors were counted 
as errors. 
\ 
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Word Word 
called observed I II III 
Word Word 
IV called observed I II III IV 
1. BARK bog 
bou^it 
back 
bout 
bite 
Irrational 
Errors 
Omissions 
2* BAT bait 
buck 
bark 
bock 
Irrational 
Errors 
Omissions 
1 3 
2 
3 * BAKE bat 
BAIT 
beak 
big 
bet 
Irrational 
Errors 
Omissions 
4 * BALK bout 
BOUGHT 
boke 
Jjark 
bulk 
boot 
book 
Irrational 
Errors 
Omissions 
2 
9 
1 
2 
4 
5 
3 
1 
1 
9 
2 
1 
6 
3 1 
2 
2 
3 
2 
12 
1 
2 
1 
1 
9 
5* BIT bite 
bet 
but 
Irrational 
Errors 
Drill as Iona 
6* BITE bit 
BIKE 
back 
• w 
bout 
2 17 23 1 
15 3 1 
3 1 
1 1 
1 7 
3 2 6 2 
1* .• 
1 
2 
1 
Irrational 1 
Errors 
Omissions 6 
1 7, BET back 12 7 
BECK 
boak 12 2 
bake 3 
bit 4 
* - * ■ 
bite 1 
1 Irrational 2 3 
Errors 
Omissions 12 8 
18# BEET beck 2 8 3 
BEAK 
Irrational 1 1 
Errors 
2 Omissions 9 
9# BERT book 5 
4 bout 1 
but 1 
bort 1 
Irrational 4 
Errors 
Omissions 12 
1 14 1 
32 
Word Word Word Word 
called observed I II III IV called observed I II III IV 
10. BUCK bat 
BUT 
bet 
2 13. BOOT boat 1 
1 bout 1 1 
boat 
bock 
2 
3 
book 
but 
2 
2 
bout 1 1 beet 
Irrational 1 
Errors 
Omissions 2 9 
Irrational 
Errors 
Omissions 
11. BOAT boot 
bout 
book 
beck 
but 
Irrational 
Errors 
Omissions 
16 9 13 3 14 
112 
1 
2 
1 
3 
1 5 
BOUT bought 3 
bite 
boat 
but 
boot 
Irrational 
Errors 
Omissions 
12. BOOK boot 3 
beet 2 
bit 2 
bark 1 
boke 1 
Irrational 2 
Errors 
Omissions 4 
1 
1 
14 
9 9 
14 6 
13 1 
2 
2 
1 5 
12 1 
53 
Word Word Word Word 
called observed I II III IV called observed I II III IV 
1* BAG bagged 1 live 1 
back 1 with 1 
bang 1 Irrational 
Errors 
1 6 
bat 2 Omissions 1 1 5 
bath 1 3. BOB bog 4 1 4 1 
bike 1 baa 1 1 
bout 1 bath 3 2 
b~ 1 bow 1 1 
that 1 bove 1 3 4 
pout 1 bou^i 2 1 
dive 1 bar 
* ■ 
2 2 
Irrational ball 2 
Errors 
Omissions 
; ; t 
2 1 back 1 
2* BIB bid 5 6 7 3 bug 2 1 
big 2 buy 1 
bit 2 mob 1 
build • > 1 dog 1 
been I doll 1 
Ben 
’ J • 
1 fog 1 
bet 2 glove 1 
did 1 1 3 Irrational 4 4 
Errors 
dip 1 Omissions 1 7 2 
fib 1 
fifth 2 
give 2 
34 ~ 
Word Word Word Word 
called observed I II III IV called observed I II III IV 
4* CAP cat 7 16 16 9 7. CHEESE tease 1 
capt 1 heaves 1 
kept 1 1 2 seed 1 
calf 1 2 4 1 Irrational 1 
< Errors 
half 1 Omissions 1 2 1 
patch 1 8* CHOOSE choice 1 1 
tap 2 chairs 1 
taught 1 shoes 1 1 2 1 
traok 1 huge 1 
Irrational 
Errors 
1 juice 
r ‘ * 
1 
Omissions 4 2 two 2 
5* COME cone 1 Irrational 
• 
• * 'i Errors ■i 
can 3 Omissions 1 1 
hum 2 
. « 
9. CHURCH chur 1 
V 
Irrational 1 charge *■ 1 
Errors . i V . • 
Omissions 1 chair 1 
6# COUCH caught 1 1 4 5 chose 1 1 
call 2 
t 
2 Irrational 
Errors • 
cause •• •, 
* *■* 1 Omissions 1 2 
cost 2 1 10. PISH ditch 4 1 1 
court 1 fish 3 
cloth 1 this 2 
golf 2 big 1 
hot 1 bush 2 
ought 1 Irrational 
Errors 
Irrational 
Errors 
1 4 Omissions 1 
Omissions 1 6 « 
55 
Word Word Word Word 
oalled observed I II III IV called observed I II III IV 
11* DOG dogs 
• 1 
• V bond 1 * 
doll 3 harm 1 
dove 
1 
2 2 car 1 
dod 1 2 on 1 
door 1 Irrational 2 
do 
Errors 
1 
* $ Omissions 2 
dull 1 14. FIVE fife 1 * * 
call 
i y 
1 fifth 2 
wrong 1 fire 1 * 
love 1 far 2 
Irrational 1 by 1 2 
Errors 
Omissions 2 cry 1 
i 
12. DOLL dog 1 4 3 
j i * 
why. 1 
dove 1 3 — 
» * 
^itai 1 
dowd f • 1 Irrational 
Errors 
2 
yard 1 Omissions 2 
Irrational 1 15. FUDGE budge 2 1 
Errors 
Omissions 
»■«" h ■ 
1 pledge 2 
13. FARM far 1 3 thud 2 
. * f ' 
fawn 
1 'M 
1 2 *« V* thug 1 1 
fond 1 1 lunch 2 
fine 1 bug 1 4 # 
bark 2 bench 1 
bog 2 Irrational 4 
Errors 
Omissions barn 2 3 1 
Word Word Word Word 
called observed I II III IV called observed I II III IV 
16. GIRL girls 1 20. HASH hatch 1 3 6 
learn 1 has X 
her 1 hast 1 
care 1 heart 
rt 
Irrational 
Errors 
Omissions 
■. * 
2 
2 
house 
h~ 
* . 
1 
1 
i 
17. GIVE bid 1 pash 
* ' 'i , / 0 1 
1 
did X par ah 
• * l" . ’ . » 
1 
f * 
It 
» 
X path X 
Irrational 
Errors 
Omissions 
2 
i, 
patch 
tash 
1 
X 
18. GOOD goot 1 
**&1 *" 
dash 
- 
1 
gook X 
\ * 4. * " 
bat 
‘ * * ’ *- ' 
X 
dood 
* t 
board 
. : 1 » 
1 
X 
Irrational 
Errors 
Omissions 
3 
4 
blue 1 
wool 
• - . • « 
X 
* * V ‘ ■ 
0 
. . ip , * 
Irrational 
Errors 
Omissions 2 
’ i * , r 
1 
1 
1 
1 
1 
19. GEORGE gorge 2 
Joy 2 
door 1 1 
yours l 
church 1 
Irrational 
Errors 
Omissions 1 3 
37 
Word 
I II III IV called 
1 1 
Word Word 
called observed 
214 HATCH ha six 
hath 
. hat 
patch 
catch 
match 
coach 
French 
much 
pack 
tack 
Irrational 1 
Errors 
Omissions 
22. HOP hot 6 
hut ' 3 
hup 1 
hub 4 
hock 
halt 
hawk 
hark 
half 1 
have 
how 
1 
1 
6 5 9 7 
2 2 
1 
1 
1 
1 
2 
1 
4 1 
1 2 
6 5 4 23 
3 11 
2 2 
1 
1 1 
1 1 
1 1 
1 
1 3 
Word 
observed I II 
pop 1 
pup 5 
cup 
up 1 
but 1 
cut 
cost 
ot 
pot 3 
taught 
clock 
Irrational 1 
Errors 
Omissions 1 1 
i 
JACK Just 
Wi* 
Job 
Jap 
jot 
check 
shack 
Irrational 
Errors 
Omissions 
III IV 
1 1 
3 
1 
1 
1 
1 
1 
2 
2 
9 
2 
1 
1 
1 
1 
1 
1 
1 
1 
huff 1 1 
38 
. Word Word Word Word 
called observed I II III IV called observed I II III IV 
24* JUMP junk 2 2 3 1 lau^h 1 
joke 1 Irrational 
Errors 
1 1 
child 1 Omissions 1 2 
Irrational 
Errors 
1 1 27 • KNOCK not 1 6 
Omissions 
.* 1 numb 2 1 
25# LEAD leave 14 16 19 6 none 1 
leaves 3 knife 1 
leaf 
if - • ; * 
1 1 done 1 
leap 
» % 
1 mouth 1. 
lea 1 2 3 Irrational 2 
, ^—*?* , . i Errors 
league 1 2 Omissions 
» » 
1 
' bees ■ • * * i 1 i 28. LOVE loved ■ 'W- . 1 
beat 
i 
1 the 1 
mean 
t 
1 ■V ■ ' v doll t V ^ "> . 1 
meat ■ v . • .. / 1. 1 rug 
- 1 
need 3 1 3 Irrational 1 
Errors 
read 1 Omissions 2 
Irrational 2 1 29. LONG law 2 
Errors 
Omissions 6 i 
* : lawn 2 1 
26# KNIFE ni^it 4 12 9 log 
» 
. • ‘ r 1 1 
knive 2 1 lone . 1 
nine 1 love 1 
ninth 1 1 ball 1 
nice 2 2 doll f ' • 1 
make 1 wrong 
tight 1 young 1 
Irrational 
Errors 
3 
Omissions 3 
39 
Word Word 
called observed I 
30* HAN mad 
nine 
bat 
Irrational 
Errors 
Omissions 
31* MOUTH mouse 1 
1 • * • 
mount 
might 
mug 1 
knife 
ni$it 
north 
bout 
Irrational 
Errors 
Omissions 
32 * MUFF must 
mug 
mut 
muck 
mun 
month 
moth 
muth 1 
m— 
numb 
nut 
Word 
II III IV called 
1 1 
1 
2 
2 33. NOT 
3 1 
2 4; 
1 
1 
Word 
observed I II III 
love 2 
Irrational 1 3 
Errors 
Omissions 6 
nuts 
neck l 
duck 1 
thus 1 
Irrational 2 
Errors 
Omissions 2 
* 34* PAGE paid 
2 age 2 
1 cage 8 3 
A hag© 2 1 
^ Irrational 3 
Errors 
* Omissions 
2 6 
3 2 
1 
2 
1 
2 2 1 
1 
1 
1 
1 
40 - 
Word Word Word V/ord 
called observed I II III IV called observed I II 
35 . PEN ben 2 13 8 1 37. RING ray 
ten 4 2 
i 
6 rain 8 1 
Ben 1 
r » 
wren 1 1 
can 
T * «■ w 
1 ran 1 
fan 1 «! . rim 
hand 1 •ft ' men 
tent 1 mend 
hem 1 . -f • ' play 
them i 1 l win 
head 1 zing 1 
Ted 1 thin 1 
Irrational 1 1 them 
Errors 
Omissions 1 5 Irrational 
Errors 
2 
36« PIPE; pie 1 I 1 Omissions 
pike 2 3 2 
• « > 
i 
play 1 
high 1 1 * ■' ■ • - 
hike 1 2 6 
helgjit 5 4 8 4 
bib© 2 
kite 3 3 2 
III IV 
1 
5 6 
1 
1 
1 
1 
1 
2 
1 
1 
4 
4 
Irrational 2 1 
Errors 
Omissions 3 1 
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Word Word Word Word 
called observed I II III IV called observed I II III IV 
38* HOLL rolled 
row 
rove 
road 
roth 
ron 
bone 
go 
;:oat 
gold 
groan 
low 
Irrational 
Errors 
Omissions 
39 • KUO rub 
rugs 
rud 
road 
f 
run 
rude 
fudge 
drug 
love 
jug 
glove 
was 
1 
1 
4 
1 
1 
1 
1 
1 
"R 
2 
1 
1 
1 
1 
1 
twelve 
Irrational 
Errors 
Omissions 
^ ^ 40* SAIL save 
same 
% - 
said 
s —. 
fail 
Irrational 
Errors 
Omissions 
41* SHALL shack 
shaft 
shout 
t * i - 3 
show ; 
shot 
shelve 
shase 
sh— 
child 
Irrational 1 2 
Errors 
Omissions 
1 
1 
1 
2 
2 
4 
1 
i 
1 
\ 
1 
1 
1 
3 
1 
1 
2 
42 
Y/ord Word Word Word 
called observed I II III IV called observed I II III IV 
42« SHORT show 
should 
shock 
shot 
sort 
sure 
church 
chore 
Irrational 
Errors 
Omissions 
45. SHOW shell 
shelve 
shed 
ship 
sheep 
should 
so 
Irrational 
Errors 
Omissions 
44. SICK six 
sixth 
sit 
set 
said 
surf 
1 
1 
6 
1 
1 
1 
1 
2 
6 
1 
1 
1 
1 
1 
5 
1 
1 
2 
1 
1 
1 
6 
fifth 
Irrational 
Errors 
Omissions 
45. SING sin 
sit 
sick 
said 
send 
say 
same 
saint 
save 
saved 
sane 
sank 
some 
thin 
thing 
turn 
Irrational 
Errors 
Omissions 
2 
3 
2 
1 
2 
1 
3 
2 
3 
1 
1 
1 
1 
1 
1 
1 
43 
Word. Word Word Word 
called observed I II III IV called observed I II III IV 
46, SMOOTH smile 1 
sm~- 1 1 
s — 2 
slew 1 
slade 1 
sleuth 1 
snoot 1 
sneeze 1 
sick 1 
soon 1 
move 
huge 
Irrational 132 
Errors 
Omissions 5 
47* TEN tend 12 1 
tenth 1 
tent 3 
ted 1 
type 1 
tied 1 
pen 
pin 1 
can 1 
Irrational 
Errors 
Omissions 2 
48* THANK thanks 
plank 
fank 
frank 
bank 
hank 
sank 
X>lant 
Irrational 
Errors 
Omissions 
2 49. THAT bat 
2 
2 
1 
1 1 
hat 
vat 
back 
lap 
laugh 
last 
let 
Irrational 
Errors 
Omissions 
2 1 
1 
1 
1 
7 
3 
4 
1 
1 
1 
1 
2 
1 
2 
2 
1 
I 
44 
Word Word Word Word 
called observed I II III IV called observed I II III IV 
50* THEM then 
than 
fern 
mem 
lem 
hen 
men 
t i 
Irrational 
Errors 
Omissions 
51* THIN fin 
sin 
pin 
tin 
bln 
give 
then 
23 8 
Irrational 
Errors 
Omissions 
52. THIS then 
miss 
list 
»* 
lift 
lisp 
did 
Irrational 
Errors 
Omissions 
1 
5 
5 
8 
2 
1 
1 
1 
1 
3 
4 
1 
3 
1 
2 
2 
5 12 14 7 53. TOOTH too 
® Irrational 
Errors 
1 Omissions 
1 54. THUMB thump 
thung 
thun 
thin 
come 
from 
slum 
plum 
some 
e 
f * 
hum 
i • , • ’i ■ 
gun 
sun 
done 
ton 
tongue 
nine 
phone 
Irrational 
Errors 
Omissions 
1 
1 
1 
1 
8 
2 
1 
2 
12 
1 
3 
3 
1 
1 
3 
1 
1 
2 
1 
1 
1 
4 
2 
4 
1 
1 
3 
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Word Word Word Word 
called observed I II III IV called observed I II III IV 
55 • TUB tug 8 12 8 10 lays 1 • 
tup 2 raise 2 
tongue 2 vague 1 
top 1 ways 
. * 
1 
tall 1 Irrational 2 
Errors 
type 1 Omissions j 7 2 
toe 1 2 57. VINE fine 1 4 2 1 
tu 
■ .•■-"* • . ; * i 1 *■ 
1 find 2 
come 1 thine 12 2 2 1 
couch 1 line 3 2 2 
glove 1 
• - lie 2 
hub 1 1 mine 1 5 1 
Irrational mind 1 4 1 
Errors i r '■ ’ * 
Omissions / 4 mines 1 
56* VASE theys 2 10 8 2 my 1 •» 
they 1 1 buy 2 
these * 
’ i : 
2 1 3 bind 1 *•» 
theyfve 1 wine 1 
base 1 land 1 - 
blase 1 one 1 <• 
days 1 2 1 Irrational 2 4 2 
Errors 
dazed 
* i 
1 Omissions 1 3 1 
face - 1 3 
gave 1 2 
Word Word Word Word 
called observed I II III IV called observed I 
58# VOICE vose 1 61. WHAT why 
boss 1 wut 
buzz 1 wath 
boy 1 hot 9 
yes 1 hut 
Irrational 1 2 1 buck 
Errors - 
Omissions 1 2 3 ball 
59 • WAS love 1 bought 
gloves 1 call 
buzz 1 caught 1 
box 1 clock 
Irrational 
Errors 
cut 
Omissions 1 pot 3 
60. WASH watch 2 5 plot 2 
was 1 1 puck 
wasp 1 
-4' ' 
short 
walk 1 thought 
rush 1 Irrational 
Errors 
hush 1 Omissions 
Irrational 
Errors 
2 1 
Omissions 1 
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Word Word 
called observed I II III 
Word Word 
IV called observed I II III IV 
62♦ WHICH whip 
witch 
wish 
quick 
quitch 
pitch 
finch 
twitch 
hit 
fish 
six 
Irrational 
Errors 
Omissions 
63* WI!EH wive 
win 
wind 
wish 
witch 
will 
way 
live 
lived 
build 
9 15 
2 
1 
1 
1 3 
1 2 
1 
1 
1 
5 
1 
4 
ylth 
Irrational 
Errors 
Omissions 
64# YARD yarg 
1 yarn 
yarl 
yell 
hr, * ' . , * 
rard 
Irrational 
Errors 
Omissions 
■ ' i :1 
1 65* YES guess 1 
said 1 
1 say 1 
t ■ 
, . i ; , ' f * 
Irrational 
Errors 
Omissions 
66* YOU use 
youth 
V « < 
• * «. ■ : t 
few 
1 new 
move 
Irrational 
Errors 
Omissions 
1 
6 
3 
1 
4 
1 
3 
2 
1 
1 
1 
1 
3 
1 
1 
2 
2 
1 
1 
dish 
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Word Word Word Word 
called observed I II III IV called observed I II Ill IV 
67* ZOO z — 1 69* ZONE zones 1 
do 3 zung 1 
Sue 1 z\m 1 
soon 1 zoo 1 
see 2 t zoom 2 «• 
suje 1 dome 1 1 
view 2 bin 1 
lose 1 same 1 
Irrational 3 soon 1 
Errors i ' i ' ‘ • V r 1 
Omissions 3 sound 1 f 4 
68* ZIP zis 1 sung 1 
zith 1 those 1 
zik 
t ? 
• » 1 Irrational 
Errors 
2 
sick t 3 Omissions 2 7 
sit 2 3 1 
■ ^ V. _ - 
i * £ * 
silk 1 -*» . - 4 , T\ 
ship 1 s ■ • «4 
bit 2 
dick 1 
5 
' i 
rip 5 1 
- 
- 
thi3 ' 2 i » 
Irrational 
Errors 
1 1 1 
Omissions 1 2 2 
- 49 
INTERPRETATION OF THE RESULTS OF THE SPEECH TESTS 
Records of a few individual children in the four groups 
will first be presented and discussed In order to show the 
different types found# These will be followed by a sunnary 
of the quantitative data obtained from the group of records 
studied# 
N.S#, one of the children in Croup I, the group with nor¬ 
mal hearing, had a score of 801 for his better ear and a score 
of 791 for his poorer ear# He made no errors on either of the 
vowel tests# He made 1 error out of a possible 137 on the first 
consonant test and no errors on the second consonant test# 
A., another child in Croup I, had a score of 766 for 
her better ear and a score of 749 for her poorer ear# She made 
2 errors out of a possible 30 on each of the vowel tests# She 
made 4 errors out of a possible 137 on the first consonant 
test and 6 errors on the second consonant test# 
The average number of errors for the whole normal group 
on the first vowel test was #725 errors and on the second 
vowel test was #375 errors# The average number of errors on 
the first consonant test was 3#62 errors and on the second con¬ 
sonant test was 3#37 errors# 
The greatest number of errors made by any one child on 
the first vowel test was 5 errors and on the second vowel test 
was 4 errors# There were twenty—five children In the group of 
forty children, who mad© no errors on the first vowel test and 
thirty who made no errors on the second vowel test# 
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The greatest number of errors made by any one child on 
the first consonant test was 13 errors and on the second con¬ 
sonant test was 11 errors* There were two children who made 
V 
no errors on the first consonant test and one who made no 
errors on the second consonant test* 
L* A* , one of the children in Group II, the group with 
normal hearing in one ear and subnormal hearing in one ear, 
had a score of 742 in his better ear and a score of 562 in 
his poorer ear* He made no errors in either of the vowel 
tests* He made 13 errors on the first consonant test and 7 
errors on the second consonant test* 
U* B*, another child in Group II, had a score of 742 in 
her better ear and a score of 424 in her poorer ear. She made 
5 errors on the first vowel test and 3 errors on the second 
vowel test. She made 16 errors on the first consonant test 
and 14 errors on the second consonant test* 
The average number of errors for this whole group on the 
first vowel test was 3*05 errors and on the second vowel test 
was 2*7 errors* The average number of errors on the first con¬ 
sonant test was 10*95 errors and on the second consonant test 
was 10*75 errors*. 
The greatest number of errors made by any one child on 
the first vowel test was 16 errors and on the second vowel test 
was 11 errors* The greatest number of errors made by any one 
child on the first consonant test was 27 errors and on the 
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second consonant test was 26 errors* 
D* L*, one of the children from Group III, the group with 
subnormal hearing for both low and high frequencies, had a 
score of 506 in her better ear and a score of 343 in her poor¬ 
er ear* She made 2 errors on the first vowel test and 4 errors 
on the second vowel test* She made 26 errors on the first con¬ 
sonant test and 36 errors on the second consonant test* Ihis 
child has the type of audiogram in which increasing the dis¬ 
tance from the speaker adds to the difficulty in hearing* 
H* T*, another child from Group III, whose audiogram is 
of the same type had a score of 458 in his better ear and a 
score of 421 in his poorer ear* He made 4 errors on the first 
vowel test and 10 errors on the second vowel test* He made 61 
errors on the first consonant test and 77 errors on the second 
consonant test when the distance was increased* 
W* 3*, another child from Group III, had a score of 555 
In his better ear and a score of 541 in his poorer ear* He 
made 5 errors on each of the vowel tests and 11 errors on 
each of the consonant tests* In his case the increased dis¬ 
tance made no difference* 
The average number of errors for this whole group on the 
first vowel test was 4*63 errors and on the second vowel test 
was 5*6 errors* Ihe average number of errors on the first con¬ 
sonant test was 26*2 errors and on the second consonant test 
was 29*6 errors* 
The greatest number of errors made by any one child on the 
first vowel test was 23 errors and on the second vowel test was 
30 errors* The greatest number of errors made by any one child 
on the first consonant test was 133 errors and on the second 
consonant test was 137 errors* 
W* H*, a child from Group IV, toe group with normal or 
nearly normal hearing for low frequencies and subnormal hearing 
for lil^i frequencies, had a score of 617 in his better ear and 
a score of 596 in his poorer ear* He made 1 error on toe first 
vowel test and 2 errors on toe second vowel test* He made 30 
- 5 - 
errors on the first consonant test and 24 errors on toe second 
consonant test# 
The average number of errors for this tools group bn toe 
first vowel test was 1*3 errors and on toe second vowel test 
. r • ' . • . 1 
was 1*4 errors • TLie average number of errors on toe first con¬ 
sonant test was 21*3 errors and on the second consonant test 
l TF ; 
was 24*1 errors* 
The greatest number of errors made by any one child on the 
first vowel test was 3 errors and on the second vowel test was 
2 errors* The greatest number of errors made by any one child 
on toe first consonant test was 56 errors and on toe second 
consonant test was 54 errors* 
In Table 9 are given the quantitative results of toe speech 
tests for vowels* In toe vowel test, each child was given 30 
words or 60 words in the two tests* The forty children in Group 
I, the group with normal hearing, were given a total of 2400 
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Group 
I 
Group 
II 
Group 
III 
Group 
IV 
Groups III 
& rv 
combined 
Number of Children 
in Group 40 20 30 10 40 
Number of Words 
given 2400 1200 1800 600 2400 
Number of Vowel 
Sounds in Words 2400 1200 1800 600 2400 
Total Number of 
Vowel Errors 43 119 301 29 330 
, : '3 
Percentage of 
Vowel Errors 1.7# 9.9# 16.7# 4. 8# IS.7# 
Number of Irrational 
Words Observed 0 ii 35 1 36 
Percentage of Irration¬ 
al Words Observed 0 # . 9# 1.9# 16# 1.5# 
Number of Words 
Omitted 4 7 144 2 146 
. r 
Percentage of Words 
Omitted » 16# . ►5j& S /a • ,33# 6 # 
Table 9* Analysis of results of vowel teste 
words, each containing 1 vowel sound# The total number of 
errors made by Group X was 43 errors or 1#*7^* The number of 
irrational words observed by this group was 0, the number of 
words omitted was 4 or *16^* The twenty children in Group II. 
the group with normal hearing in one ear and subnormal hearing 
in one ear, were given a total of 1200 words. The total number 
of errors made by Group II was 119 errors or 9.9$. The number 
of irrational words observed by this group was 11 or .9$, the 
number of words omitted was 7 or .5$. The thirty children in 
Group III. the group with subnormal hearing for. both low and 
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high. frequencies, were given a total of 1800 words. The total 
number of errors made by Group III was 301 errors or 16.7$# 
The number of irrational words observed by this group was 35 
or 1*9^, the number of words omitted was 144 or 8/£. The ten 
children in Group IV, the group with normal or nearly normal 
hearing for low frequencies and subnormal hearing for hi$i 
frequencies, were given a total of 600 words# Tie total num¬ 
ber of errors made by Group IV was 29 errors or 4.8$. The 
number of Irrational words observed by this group was 1 or 
•16^, the number of words malt ted was 2 or .33^. 
If we combine Groups III & IV, the two groups with sub¬ 
normal hearing in both ears, we find that there were forty 
children In the two groups. They were given a total of 2400 
words* Tie total number of errors made by these two groups 
was 330 errors or 15.7$. The number of irrational words 
observed by these groups was 36 or 1.5/6, the number of words 
omitted was 146 or 6^# 
Tius, if we compare the percentages of vowel errors made 
by the different groups*, we find Group I, the group with, nor¬ 
mal hearing, made 1.7^. Group II, the group with normal hear¬ 
ing in one ear and subnormal hearing in one ear, made nearly 
6 times as many errors (9.9$) as Group I. Group III, the group 
with subnormal hearing for both low and hl^i frequencies, made 
t 4 Xi ^ ■**> ***’. 
nearly 10 times as many errors (16.7^) as Group I. Group IV, 
the group with nearly normal hearing for low frequencies but 
subnormal hearing for hi$i frequencies, made only about 3 times 
* See Chart III page 15 
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a3 many errors (4*8$) as Group I* If we combine Groups III & 
IV, we find the entire group with subnormal hearing In both 
ears made over 8 times as many errors (15.7$) as the normal 
group. 
In Table 10 are given the quantitative results of the 
speech tests for consonants. In the consonant test, each child 
was given 70 words or 140 i^ords In the two tests. The forty 
children in Group I, the group with normal hearing, were given 
a total of 5600 words. These words contained 5600 initial con¬ 
sonants and 5360 final consonants making a total of 10960 con¬ 
sonant sounds# The total number of errors made by Group I was 
280 errors or 2#5$. Of these errors 117 errors or 1.07$ were 
on Initial consonants and 163 errors or 1.49$ were on final 
consonants. The number of irrational words observed by this 
group was 4 or .07$, the number of words omitted was 3 or .05$# 
The twenty children in Group II, the group with normal hearing 
in one ear and subnormal hearing in one ear, were given a total 
of 2800 words which contained 5480 consonant sounds. The total 
number of errors made by Group II was 432 errors or 7.8$. Of 
these errors 158 errors or 2.88$ were on initial consonants 
and 274 errors or 5$ were on final consonants. The number of 
irrational word3 observed by this group was 38 or 1.35$, the 
number of words omitted was 17 or .6$. The thirty children 
In Group III, the group with subnormal hearing for both low 
and high frequencies, were given a total of 4200 words which 
contained 8220 consonant sounds. The total number of errors 
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Group 
I 
Group 
II 
Group 
III 
Group Groups III & 
IV IV combined 
Number of Children 
in Group 40 20 30 10 40 
Number of Words 
given 5600 2800 4200 1400 5600 
Number of Consonant 
Sounds in Words 10960 5480 8220 2740 10960 
Total Number of 
Consonant Errors 280 432 1675 454 2129 
Percentage of 
Consonant Errors 2.5# 7.8# 20.3# 16.5# 19*4$ 
Number of Errors on 
Initial Consonants 117 158 750 180 930 
Percentage of Errors 
on Initial Consonants 1.07# 2.88# 9.12# 6.56# 8.48$ 
Number of Errors on 
Final Consonants 163 274 925 274 1199 
Percentage of Errors 
on Final Consonants 1.49# 5. # 11.25# 10. # 10.93$ 
Number of Irrational 
Words observed 4 38 134 10 144 
Percentage of Irratlon* 
al Words observed i .07# 1.35# 3.19# .71# 2.57$ 
Number of Words 
omitted 3 17 190 37 227 
Percentage of Words 
omitted .05# . 6# 4.52# 2.64# 4.05$ 
Table 10# Analysis of results of consonant tests 
made by Group III was 1675 errors or 20.3$. Of these errors 
750 errors or 9*12# were on initial consonants and 925 errors 
or 11*25$ were on final consonants* The number of irrational 
words observed by this group was 134 or 3*19$, the number of 
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words omitted was 190 or 4.52#. The ten children In Group IV, 
the group with normal or nearly normal hearing for low fre¬ 
quencies and subnormal hearing for hi$i frequencies, were 
given a total of 1400 which contained 2740 consonant sounds* 
The total number of errors made by Group IV was 454 errors or 
16*5$, Of these errors 180 errors or 6*56$ were on Initial 
consonants and 274 errors or 10$ were on final consonants* 
The number of Irrational words observed by this group was 10 
or *71$, the number of words omitted was 37 or 2*64$* 
If we combine Groups III & IV, the two groups with sub¬ 
normal hearing in both ears, we find that there were forty 
children in the two groups* Ihey were given a total of 5600 
words vfoich contained 10960 consonant sounds* The total num¬ 
ber of errors made by these two groups was 2129 errors or 
10*42$* Of these errors 930 errors or 8*48$ were on initial 
consonants and 1199 errors or 10*93$ were on final consonants* 
The number of irrational words observed by these groups was 144 
or 2*57$, the number of words omitted was 227 or 4*05$* 
Thus, if we compare the percentages of consonant errors 
made by different groups, we find Group I, the group with nor¬ 
mal hearing made 2*5$* Group II, the group with normal hear¬ 
ing in one ear and subnormal hearing in one ear, made over 3 
times as many errors (7.8$) as Group I* Group III, the group 
with subnormal hearing for both low and hi^h frequencies, 
made over 8 times as many errors (20*3$) as Group I* Group IV, 
the group with nearly normal hearing for low frequencies and 
subnormal hearing for high frequencies, made between 6 and 7 
times as many errors (16.5$) as Group I. If we combine Groups 
III & IV, we find the entire group with subnormal hearing in 
both ears made between 7 and 8 times as many errors (19*4$) 
as Group I* 
When we compare vowel and consonant errors for each group, 
we find Group I made 1*7$ errors on vowels and about 1 and i 
times as many errors (2*5$) on consonants* Group II made 9*9$ 
errors on vowels and about 3/4 times as many errors (7*8$) on 
consonants. Group III made 16*7$ errors on vowels and about 
1 and 1/5 times as many errors (20*3$) on consonants. Group 
IV made 4*8$ errors on vowels and nearly 3 and i times aa 
many errors (16*5$) on consonants* Groups III and IV com¬ 
bined made 13*7$ errors on vowels and nearly 1 and i times as 
- ‘V* , : % 
many errors (19*4$) on consonants* 
SUMMARY 
Word lists were used as the basis of a study in which 40 
children with normal hearing and 60 children with subnormal 
hearing were studied in order to see what effect the type and 
level of the child1 s audiogram had on his ability to interpret 
speech sounds* 
All of the children were given a hearing test on the 2-A 
Audiometer and a speech test composed of 50 words to be graded 
for vowel sounds and 70 words to be graded for consonant sounds* 
Ihe completed tests showed that the audiograms fell nat¬ 
urally into four groups determined by the possession of some 
common factor. Group I, the children with normal hearing in 
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tooth ears, had audiograms approximately horizontal in shape and 
very near the zero line at all frequencies. Hiey heard vowel 
and consonant sounds atoout equally well though they made subt¬ 
ly more mistakes on consonant sounds. Group II, the children 
with normal hearing in one ear and subnormal hearing in one 
ear, had audiograms similar in shape tout dissimilar as to level. 
S jt f ' * _ p 
Hie audiograms for the better ears were approximately horizon¬ 
tal in shape tout at a slightly lower level than those for the 
children with normal hearing. However, they came within the 
normal range and could toe considered normal. The audiograms 
for the poorer ears in this group were at a much lower level 
though, in most cases, of the same shape as those for the better 
ear having atoout the same amount of loss for tooth low and hiji 
tones. These children heard vowel and consonant sounds about 
equally well but they did not hear them nearly so well as 
. 
Group I heard them* This apparently shows that the common sup¬ 
position that a child with one good ear is atoout as well off as 
a child with two good ears Is not true. Group III, the children 
with subnormal hearing in tooth ears for tooth low and hi^h fre¬ 
quencies, had audiograms which showed more variation than these 
In the other groups. In this group were found children with 
slight defects and gross defects and all degrees between. They 
all, however, had loss for tooth low and hi^i frequencies. We 
found some with approximately horizontal audiograms who heard 
vowels and consonants atoout equally well and others whose audio- 
gram descended from left to right who heard vowels much better 
than they heard consonants. The group as a mole made more 
- 60 - 
consonant errors than vowel errors* Group IV, the children 
with normal or approximately normal hearing for low frequencies 
and subnormal hearing for high frequencies, had audiograms 
which were.approximately horizontal through the first five 
* 
frequencies tested and then dropped abruptly for the last three 
frequencies tested. These children heard vowels very much 
* better than they hoard consonants* 
CONCLUSION AND SUGGESTIONS 
The results of this study show that a group of children 
with only sll^it or moderate hearing defects. Interpret in¬ 
correctly many vowel and consonant sounds spoken In an ex¬ 
tremely quiet room* 
The amount they miss depends to a certain extent on the 
shape and level of their audiograms. 
The implication is clear that all children in the public 
schools should have hearing tests each year to discover hear¬ 
ing defects at the earliest possible moment, when there may 
still be time, with proper remedial measures, to prevent fur¬ 
ther loss. These tests could also be a guide for supplementary 
training in the child1 s school program to Improve his learning 
ability. 
When a child has a hearing defect, his teacher should be 
made aware of this fact* She should be told the type and 
amount of each child1 a loss, so that her help may be most 
effective. Giving a child with a hearing defect a front seat, 
may make all the difference In the world. In some cases the 
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teacher may help very much by raising her voice when she speaks 
to the child. In some cases a hearing aid will help. In all 
cases lip-reading will do much to relieve the nervous strain. 
Even when formal lip-reading classes are not possible, the 
teacher may help by always facing the child when she speaks. 
Ideally, there should be lip-reading classes to which 
these children could be sent each day. Many of these children 
with hearing defects also have speech defects, and should have 
speech correction work with a teacher who has had adequate 
training and experience. Ordinary public school teachers are 
not qualified to teach lip-reading or to do speech correction 
work unless they have had specialized training in these fields 
and experience in using this specialized training. 
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